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GENERIC RADAR DISPLAY 

BACKGROUND OF THE INVENTION 

The invention relates to the ?eld of training devices, 
and in particular to simulators for the display of radar 
data. The invention is adaptable in that its software can 
be modi?ed for compatibility with a variety of target 
generators; and, then when the invention is appropri 
ately instructed, it will interact with the generator to 
create an accurate and responsive visual display of the 
data provided by the generator in accordance with 
settings selected by the user. 
Up to now radar display systems have been dedicated 

to a single application, and designed around the target 
generator that is being used. That practice has resulted 
within the training community in the development of 
many unique system that are costly and difficult to 
maintain. As a result, a need has existed for a radar 
display that is adaptable, reliable and conveniently sup 
portable. 

Accordingly, an object of the present invention is to 
provide a generic radar display that is adaptable 
through software changes to achieve compatibility with 
a plurality of target generators. Another object is to 
provide a system that may be rendered in embodiments 
comprising readily available components. Another ob 
ject is to provide a system with which the user may 
interact, and that is responsive to the user’s inputs. And, 
another object is to provide a system that is micro 
processor based and relatively inexpensive. 

Previous patents disclose systems for radar simula 
tion, color mapping, video generators and landmass 
simulators. U.S. Pat. No. 4,759,716 to John L. Booker 
discloses a rotating color mapped radar sweep simulator 
having a rotating cursor plan position indicator radar 
display on a color mapped computer driven raster scan 
CRT display that logically divides the pixels of the 
display into a plurality of wedge shaped regions. The 
color attributes of the pixels in each region are changed 
in a systematic fashion in order to simulate the appear 
ance of a standard radar display for radar operator 
training purposes. U.S. Pat. No. 4,228,598 to Richard T. 
Warner discloses a radar simulator having an oscillo 
scope with a display screen that produces a luminous 
movable screen spot, with a scanning means connected 
to the oscilloscope for causing the spot to be scanned 
over the screen in a radar transmitter type scanning 
pattern, a photodetector mounted in front of the screen 
for detecting light from the spot only when the spot is 
near the photodetector and for producing an electrical 
signal when light is detected, and modulation means 
connected to receive and modulate the signal in simula 
tion of a radar pulse repetition. U.S. Pat. No. 4,702,698 
to Paul B. Beckwith et al, discloses a digital radar gen 
erator that provides a radar return image for a cockpit 
display that is generated by selectively accessing terrain 
data compressed and stored in a digital map data base. 
U.S. Pat. No. 4,780,084 to Kenneth B. Donovan dis 
closes a landmass simulator for modifying the areal 
height and areal reflectivity of source data in real time 
in response to the areal re?ectivity of the source. 

SUMMARY OF THE INVENTION 

The present invention is a system for accepting simu 
lated radar display information from a target generator 
and displaying that information on a simulated radar 
display console. It comprises a general purpose com 
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2 
puter that has been prepared to monitor the user inputs 
on the front panel of the console, acquire data from and 
communicate with the generator, and implement the 
functions indicated by the user that normally are per 
formed by specially built hardware. Preparation of the 
computer refers to the selection of appropriate boards 
and additional hardware, and to the use of an adaptable 
application software system. First, the software system 
initializes and tests the radar display system. Then, the 
normal operational mode of the software program is 
entered if no errors are detected. Target information is 
sent from the generator as analog voltages for the x and 
y coordinates of the targets and a digital strobe to qual 
ify the analog voltages. A data acquisition board is used 
to convert the analog signals to digital words for use by 
the computer, and the digital strobe is used to start the 
conversion. Current range selection is sent to the target 
generator from the console by a multi-function board 
having a digital output port. Other boards read the 
analog voltages from the intensity controls on the con 
sole, read the digital signals from the rotary switches 
used for making selections, count position change pulses 
from optical encoders coupled to cursor control cranks, 
and drive a high resolution color graphics display. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of the hardware of an em 
bodiment of the invention, 
FIG. 2 is a graphic depiction of the console of the 

embodiment, showing the user controls and a represen 
tative graphics display, and 
FIG. 3 is an organizational diagram of the software 

components used in an operational embodiment of the 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 shows hardware for a preferred embodiment 
that includes general purpose microprocessor 10, user 
controlled panel 12, junction box 14 and display device 
16. The invention receives target data from target gen 
erator 18 which is a simulation device that provides 
target coordinate data representative of a speci?c radar 
system or family of systems. For data from another 
target generator that represents a different radar system 
or group of systems, the present invention may be 
adapted to generate a display that simulates that sys 
tem’s display. Consequently, the invention is a generic 
radar display training device that is adaptable through 
software changes to represent any of a plurality of radar 
displays. 

Panel 12 is the user’s means of communicating with 
the system. The control knobs on the panel may be 
selected and arranged to approximate the layout and 
appearance of the corresponding controls on the opera 
tional equipment that is being simulated. However, 
training may be accomplished by adopting the generic 
layout shown in FIG. 2. Adaptable software routines 
are included in the invention to generate on display 16 
the indicia that would be associated with the control or 
switch and the response that would be anticipated by a 
user when he adjusts the knobs on an operational radar 
system. For example, an emergency shiphandling 
trainer employs four intensity controls 20-26, one each 
for video, cursor, rings and graphics. In addition, three 
menu switches 28-32 are included, one each for decay, 
range and range rings. Each control may be a potenti 
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ometer and each switch may be a rotary switch. Finally, 
two additional controls 34-36 included in the trainer are 
the cranks for range and bearing. The indicia associated 
with each knob is software controlled and appears on 
display device 16 adjacent to the knob. For example, 
adjacent to decay switch 28 on display 16 in the embodi 
ment is the title, Decay Seconds, and the ?ve ranges, %, 
l, 2, 4 and 8. A calligraphy software unit that hereinaf 
ter will be discussed, programs processor 10 to display 
the indicia associated with switch 28, and causes the 
indicia to be highlighted that corresponds to the setting 
selected by the user. With respect to the range and 
bearing readings on display 16, the indicia expressed in 
degrees is software generated and responsive to the 
user’s manual operation of cranks 34 and 36. The com 
pass rose shown on the display is not expected to 
change, and preferably is digitally saved in an image ?le 
and written directly to the microprocessor’s graphics 
board during initialization of the system. 
FIG. 3 graphically illustrates the top-level architec~ 

ture of the invention’s software. A copy of the source 
code is included in Annex A. The software can operate 
in one of two modes. The ?rst mode is the initialization 
and self test mode. This mode occurs at the beginning of 
program execution. If no errors are detected while in 
this mode, the second mode of operation is entered. The 
second mode is normal operational mode for the pro~ 
gram. It allows the software to interact with target 
generator 18, and with the user. 
The embodiment described was operated using ap 

proximately 49k bytes of memory for code and 400k 
bytes of memory for data. With an operating system 
that uses approximately 45k of memory, the embodi 
ment can operate on a microprocessor that has at least 
512k of random access memory. Processing time is 
dependent in part on the execution time of individual 
software components which varies depending on exter 
nal inputs. Since the software was developed for an 
embodiment using a target generator having a data 
packet rate of 18 Hz and the embodiment described 
operates with a target generator data packet rate of 15 
Hz, there is ample computing power reserve of at least 
16.7%. 
Software component Main contains the main pro 

gram which performs the hardware and software initial 
ization and testing and is responsible for displaying 
target and front panel information on the graphics 
screen. Program execution begins by initializing and 
testing sub-systems within the computer system. Soft 
ware components requiring initial conditions for proper 
operation are also initialized. If a problem is encoun 
tered during this phase of program execution, an error 
message is displayed and program execution stops. 
Hardware and software initialization and testing are 
performed in the sub-level software component Init. 

After initialization is completed, the program enters 
an endless loop. While in the loop, a flag is checked to 
determine if a data packet has been received from target 
generator 18. The flag setting is performed in Init-Time 
in response to an interrupt generated by the system 
timer. The system timer interrupt is generated when the 
timer’s count is allowed to decrement to zero. During 
target data packet acquisition, individual target coordi 
nates are sent every 380 microseconds. After each indi 
vidual target is received, an interrupt is generated by 
the data acquisition board. The interrupt service routine 
in Int-Ana programs the system timer to generate an 
interrupt after 1000 microseconds. As long as individual 
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target coordinates are received faster than the system 
timer count down period, the system timer will not 
generate an interrupt. However, 1000 microseconds 
after the last target in the data packet is received, a 
timer interrupt is generated. 
When the ?ag signaling receipt of a data packet from 

target generator 18 is found to be set, the flag is reset 
and target data processing begins. The component List 
is responsible for the processing and displaying the 
target data. Each target coordinate in the target data 
packet is converted to screen coordinates for display 
device 16 and saved in the target array. The target array 
is arranged as a ring buffer with groups of data packets 
of the same age arranged together. When targets are 
added to the target array, they are placed at the head of 
the ring buffer. Targets at the end of the ring buffer are 
the oldest and need to be removed. Since targets can 
overlap on the screen of display device 16, a target 
should not be automatically erased when it is removed 
from the target array. The target needs to be examined 
to determine if it has been overwritten by a younger 
target. If the target has not been overwritten, it is erased 
from the screen. Reading a pixel from the screen is very 
time consuming, so a shadow copy of the screen is kept 
in main memory. Whenever a target is drawn or erased 
from the screen, the same operation is performed on the 
shadow screen array;. Now that the old targets are 
removed from the screen, the new targets are drawn on 
the screen and also added to the screen array. 

In order to simulate phosphor decay, the target’s 
intensity on the screen of display device 16 is gradually 
reduced with time. Intensity is shown by color, and 
decay is accomplished by changing the color. Rather 
than redrawing all the targets on the screen with a new 
color every time their intensity is reduced, the color in 
the color table is changed. The color table is changed 
rotationally at the same rate groups of targets are added 
and removed. This has the effect of causing all new 
targets to be drawn at full intensity while the intensity 
of all older targets decrease. A target’s intensity will 
decrease until it is no longer visible which matches the 
moment the target is removed from the ring buffer. 
The controls on front panel 12 are now read and their 

settings are compared to their previous settings by com 
ponent Sample. If a change has been detected, either a 
flag for that control is set or some action is taken. If the 
control that changed was an intensity control 20-26, the 
intensity of the objects associated with that control are 
altered on the screen by modifying the color table for 
those objects. Otherwise the control’s setting is re 
tained. 

Calligraphy for the range and bearing readouts asso 
ciated with cranks 34 and 36, and for the decay, range 
rings and range selector switches 28-32 is updated by 
the component Callig. Calligraphy associated with a 
control is updated only when the flag for that control is 
set. The range rings inside the compass rose are updated 
by the component Rings when the flags associated with 
the range rings or range scale switches are set. The 
cursor is updated by the component Cursor when the 
?ags associated with the range or bearing cranks is set. 

If a runtime error associated with the data acquisition 
board is detected, the data acquisition board and all 
associated hardware are reinitialized. The hardware 
associated with range and bearing cranks 34 and 36 also 
is reinitialized because external noise can cause the data 
acquisition board to become confused and fail to oper 
ate properly. 
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If a flag signaling receipt of a data packet from target 
generator 18 is not set within a predetermined period of 
time, it is assumed the data packet is missing. First, the 
data acquisition board is checked for errors. If the board 
is found to be in error, all hardware associated with data 
acquisition is reinitialized. Otherwise, the board is soft 
ware triggered to simulate the acquisition of target data, 
which allows the system to continue operation in the 
absence of target packets from generator 18. In either 
case, an error message is drawn on display device 16. 
The component Init is responsible for initializing and 

testing subsystems within microprocessor 10 and for 
initializing other software components. Execution be 
gins by initializing the graphics board power-up self-test 
results are examined and an error message is displayed if 
errors are detected. Command line arguments to the 
program are examined for alignment information in the 
component Cmdline. When information is found, the 
proper alignment variables are updated. If improper 
arguments are encountered, an error message is dis 
played. The component List is responsible for initial 
izing all targets in the target array to the erased state. 
All targets in the screen array also are initialized to the 
erased state. Graphics board command lists for partial 
erasure of targets from the screen are created. The 
component Timeout is responsible for reprogramming 
the system timer and system timer interrupt vector. The 
component Analog is responsible for initializing and 
testing the data acquisition board, which is necessary 
for proper operation of the board and associated hard 
ware. In addition, Analog is responsible for initializing 
and testing the Direct Memory Access (DMA) control 
ler, interrupt controller and interrupt vector. If any of 
the tests fail, an error message is displayed on device 16. 
The component Digital performs a loop back test on the 
target generator interface to assure that the current 
range selection can be continuously communicated to 
generator 18. If an error is detected, an error message is 
displayed. The component Sample reads the positions 
of digital switches 28-32 on front panel 12 in order to 
initialize certain variables in some of the components 
that require the positions for proper initialization. Com 
ponent Text de?nes new text fonts that are used 
wherein default text fonts for numbers are unacceptable 
for the calligraphy. 
Range and bearing cranks 34 and 36 are attached to 

optical encoders which read position changes. The 
optical encoders are connected to a counter board 
which counts the number of clockwise and counter 
clockwise pulses from the encoders at the rate of one 
pulse per degree. The counter board is programmed for 
this function in the component Counter. A loop back 
test is performed and if an error is detected, an error 
message is displayed. The compass rose displayed on 
the screen of display device 16 is saved in an image ?le 
on disk. The component Compass is responsible for 
reading the file from disk and writing the image to the 
screen. If an error is encountered while reading the file 
from disk, an error message is displayed. The initial 
range rings are drawn on the screen by component 
Rings based on the selection of range switch 32 and the 
position of range rings switch 30. Component Callig is 
responsible for drawing the initial calligraphy for range 
and bearing readouts, switch position indicators and 
legends and intensity control legends. Command lists 
also are generated for manipulating the calligraphy. 

Manipulations of the color lookup table component 
Lut are used to perform target decay and intensity 
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6 
changes. Having independent logical bit planes for dif 
ferent types of objects on the screen makes the color 
table complicated. Intensity changes and target decay 
can require massive color table changes. Command lists 
are generated for properly manipulating the color table. 
When an error is encountered, an error message is 

displayed on the screen. There are two types of errors 
which generate messages. A diagnostic error message is 
displayed when an error is detected during self testing 
and a run time error message is displayed when a run 
time error is encountered during normal operation. 
When a diagnostic error is detected, a message is dis 
played on the screen which lists which test failed. 
Under normal operation, the program would stop exe 
cution at this point, but if a keyboard is attached to the 
system, information can be obtained about the test fail 
ure. Program execution also can be continued if desired. 
If an error is detected during the data acquisition pro 
cess, an error ?ag is set indicating the type of error. 
When the flag is set, an error message is displayed indi 
cating the type of error. 
When the main program is invoked by a line in the 

batch ?le Autoexec, arguments containing target screen 
alignment information may be passed on the command 
line. The arguments can alter the scaling and offsetting 
of target data when it is converted to screen coordi 
nates. If the command line arguments are incorrect, an 
error message is displayed. 
The component List is responsible for all processing 

and displaying of target data. During initialization the 
target and screen arrays are initialized and command 
lists are generated for erasing targets from the screen. 
During normal operation the raw target data from the 
target generator is converted to screen coordinates and 
saved in the screen array. Targets are removed from the 
screen array, when they have decayed away. Before 
removing the targets from the screen the screen array is 
checked to determine if the targets have been overwrit 
ten, and if they have they are not removed from the 
screen. Otherwise they are removed from the screen 
array and from the screen using the appropriate com 
mand list. 
The component Analog is responsible for initializing 

and testing the data acquisition board and associated 
hardware and restoring the associated hardware to its 
original state at program completion. During initializa 
tion, the data acquisition board is reset and various tests 
are performed. The DMA controller, interrupt control 
ler and interrupt vector also are initialized and tested. If 
an error is encountered during the initialization and 
testing, an error message is displayed. In order to re 
store proper operation of the computer system, the data 
acquisition board is reset and the DMA and interrupt 
hardware is restored to its original state. 
The component Sample is responsible for reading the 

front panel controls and setting the necessary ?ags and 
variables needed to use the values sampled. The value 
of switches 28-32 are read and compared to their previ 
ous values. When it is determined a change has oc 
curred, the new switch setting is saved and a flag is set 
to indicate the switch has changed. If range switch 32 
changes, the new range also is sent to target generator 
18. The settings of intensity controls 20-26 can be deter 
mined by examining the raw data from the data acquisi 
tion boards in the DMA buffer. If the data differs from 
the previous value more than would be expected from 
normal noise, the value is saved and the appropriate 
intensity control command list is run to modify the 
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color lookup table. The counter board is read to deter 
mine if range or bearing cranks 34 and 36 have changed 
position. If a change is detected, the absolute change is 
calculated and saved and a ?ag is set to indicate a 
change has occurred. If not front panel control changes 
have been detected for thirty minutes, the screen of 
display device 16 is blanked to prevent the image from 
burning into the phosphor of the CRT tube. Once the 
screen is blanked, any front panel control change will 
restore the screen display. If a keyboard key press has 
been detected, the program enters a setup mode which 
allows the target data to be scaled and offset for proper 
alignment. The alignment data is saved in the batch ?le 
Autoexec. 
The component Rings is responsible for drawing the 

initial range rings on the screen during initialization and 
for updating the rings when a change has occurred in 
range selection switch 32 or range ring switch 30. The 
initial range rings are drawn on the screen based on the 
positions of the two switches. The range rings are up 
dated when the ?ags are set that indicate the range 
selection or range rings switches have changed. Draw 
ing or removing range rings is a time consuming graph 
ics operation. Most changes require doubling or halving 
the number of range rings on the screen, so whenever 
possible only every other ringis drawn or erased. Oth 
erwise, all the rings are erased from the screen and the 
new rings are drawn. 
The component Callig is responsible for drawing the 

initial calligraphy for range and bearing readouts, 
switch position indicators and legends and intensity 
control legends, and for updating the calligraphy when 
necessary. During initialization, the initial calligraphy 
for range and bearing readouts, switch position indica 
tors and legends, and intensity control legends are 
drawn on the screen. Command lists are generated for 
manipulating the calligraphy. Calligraphy for the range 
and bearing readouts and for the decay, range rings and 
range‘ selector switches are updated only when the flag 
for that control is set. Command lists are used to erase 
the old range and bearing readouts and for updating the 
switch position indicators. 
The component Timeout is responsible for initializing 

the system timer and associated interrupt vector during 
initialization and restoring the system timer and inter= 
rupt vector to their original states at program comple— 
tion. The component Digital is responsible for testing 
the range scale interface to target generator 18. A loop 
back test is performed on the interface and if an error is 
detected, an error message is displayed. The default 
characters for numbers are not suitable when scaled to 
the size needed for calligraphy so new fonts are de?ned 
for these characters by the component Text. Range and 
bearing cranks 34 and 36 are attached to optical encod 
ers which read position changes. The optical encoders 
are connected to a counter board which counts the 
number of clockwise and counter clockwise pulses from 
the encoders at one pulse per degree. The counter board 
is programmed to count the pulses from the encoders. A 
loop back test also is performed and if an error is de 
tected, an error message is displayed. The compass rose 
displayed on the screen is saved in the image ?le com 
pass.dat on disk. The ?le is read from the disk and is 
displayed on the screen by writing the ?le directly to 
the graphics board. If an error is encountered while 
reading the ?le from disk, an error message is displayed. 
When the setup mode is invoked by a key press, an 

alignment menu is drawn on the screen of display de 
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8 
vice 16. The keyboard may be used to select a scale or 
offset mode or to save the present alignment settings in 
the batch ?le Autoexec. Cursor keys are used to in 
crease or decrease the scale or offset of the two axes as 
desired. When exiting the setup mode, the new align 
ment information is saved in the batch ?le Autoexec. 
Cursor keys are used to increase or decrease the scale or 
offset of the two axes as desired. When exiting the setup 
mode, the new alignment information is saved in the 
Autoexec batch ?le, and the setup menus are removed. 
The Cursor software unit is responsible for updating the 
cursor when range or bearing cranks 34 and 36 change 
position. When it has been determined by examining the 
proper ?ags that the cursor needs updating, the present 
cursor is erased from the screen. The range and bearing 
crank counts are examined and the new range and bear 
ing calculated. The new screen coordinates of the cur 
sor are calculated, and clipped to the display boundary 
if necessary. The new cursor then is drawn on the 
screen of display device 16. 
The component Int.__Ana.Asm contains the interrupt 

service routine for the data acquisition board. When a 
DMA transfer has been completed, the data acquisition 
board generates an interrupt signaling completion. The 
contents of the DMA buffer associated with the target 
information then is transferred to a data packet buffer. 
The data acquisition board also generates an interrupt 
when a run time error occurs, so the reason for the 
interrupt is determined and the error ?ag is set accord 
ingly. The component Int_Time.Asm contains the in 
terrupt service routine for the end of data packet time 
out interrupt. A ?ag is set in response to an interrupt 
generated by the system timer. The system timer inter 
rupt is generated when the timer’s count is allowed to 
decrement to zero, which occurs 1000 microseconds 
after the last target in the target packet is received from 
target generator 18. 
The principles of operation of the hardware embodi 

ment shown in FIG. 1 relate to microprocessor 10, 
control panel 12, junction box 14, and display device 16. 
The microprocessor that was used with the above 
described software in an operational embodiment is AT 
compatible, wherein AT is a reference to the product 
made by IBM Corporation. It comprises a rackmount 
chassis, a 10 slot passive backplane motherboard, a 1.2 
Mbyte high density floppy disk drive 38, a 30 Mbyte 
hard disk drive, a 150 watt power supply, a cooling fan 
and associated computer cards 4048. In accordance 
with the software, microprocessor 10 processes inputs 
from the user and target generator 18, and provides 
outputs to display device 16 and generator 18. The 
system software and alignment variables are stored on 
hard disk 50. The system operates under DOS 3.2 or 
higher, and automatically loads and executes the opera 
tional software upon power-up. 

Control panel 12 provides a means for the user to 
provide an input. The signals from the panel are distrib 
uted to microprocessor 10 and its cards by junction box 
14. Power for panel 12 is derived from the 5 VDC 
power supply of microprocessor 10. Display device 16 
that was used in the embodiment is a high resolution 
color display monitor that will accept a wide variety of 
video signals but that has been con?gured to accommo 
date a video input having a noninterlaced vertical scan 
ning method, a sync method that is composite synch on 
green video, RGB video amplitudes that are approxi 
mately 1 volt p—p, a composite sync level that is ap 
proximately 0.3 volt, and vertical and horizontal line 
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scan frequencies of 60 Hz. The monitor displays the 
video generated by graphics card 48 during normal 
operation. 

Intensity controls 20-26 are potentiometer controls in 
the embodiment that each provide analog data that 
varies from 0 VDC at minimum to 5 VDC at maximum. 
The signals from controls 20-26 are sent to A/D card 
46 on channels 2-5, respectively, whereat they are con 
verted to digital. Each channel is sampled periodically 
under software control by A/D-I/O card 46. The digi 
tal data is processed by the software to adjust the appro 
priate display intensities. On the other hand, rotary 
switches 28-32 together provide 16 bits of digital data 
to the digital subsystem of A/D-I/O card 46. Each bit 
represents a switch position. The digital data is periodi 
cally gathered and processed by the software, and the 
appropriate display is generated. Power is provided to 
switches 28-32 by the 5 VDC panel power. 

Bearing and range cranks 34 and 36 control cursor 
azimuth and range, and are mounted on the shafts of 
optical encoders. Each encoder produces two 5 volt 
digital pulse data streams that are 90 degrees out-of 
phase with each other and that have a frequency pro 
portional to the rotational speed of the encoder shaft. 
The out-of-phase data streams from each encoder are 
used to clock up-down counters on counter/digital I/O 
card 44, and to inhibit the clocking. 

After power is applied to the system, BIOS ?rmware 
stored on CPU card 40 performs initialization and, if 
needed, diagnostic tests on cards 40 and 42, the disk 
drives and the keyboard, if present. If no errors are 
indicated by the tests, DOS software is loaded from 
hard disk 50, and system control passes to DOS which 
executes the batch ?le Autoexec. It executes and passes 
alignment parameters to the operational software, listed 
in the Annex under main.exe. The ?rst function of the 
operational software is to initialize graphics card 48 and 
clear the screen of display device 16. The color look-up 
table Lut on graphics card 48 is initialized in a manner 
that separates the video memory into bit planes with 
only the top plane being visible. The message, Self Test 
In Progress, then is placed on the top plane. If an error 
is detected in graphics card 48 during power-up, the 
card reports an error and a diagnostic error message is 
displayed. . 

Buffers and arrays used by the target management 
processes are initialized. At a later point in time, these 
buffers and arrays are used to store raw radar target 
information and color indexes a1 all the radar target 
information and color indexes of all the radar targets 
arranged by target position. Next, analog/digital I/O 
card 46 is initialized for triggered scan DMA mode. 
Tests are performed to assure correct DMA operation 
by placing voltages on the two digital-to-analog (DAC) 
output channels and sampling the data with two unused 
analog-to-digital (A/D) input channels. After successful 
completion of the tests, intensity controls 20-26 and 
switch controls 28—32 are sampled to determine initial 
settings. If card errors are detected a diagnostic error 
message is displayed. 

After panel 12 is sampled, counter/digital I/O card 
44 is initialized and tested to enable the counters to 
respond to the encoder data of panel 12. Bits on the 
digital output port are set and read by the digital input 
port and an unused counter. Range data is placed on the 
digital output port forming part of the signal interface 
between target generator 18 and the system. The data is 
used by generator 18 to determine range selection. If 
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card errors are detected a diagnostic error message is 
displayed. The next steps produce the initial operational 
display. The file Compassdat which contains the com 
pass rose data is read from hard disk 50 and placed into 
video memory for graphics card 48. If for some reason 
the file cannot be opened for reading, a diagnostic error 
is reported. If no diagnostic errors are reported the self 
test message is erased, and the range rings and control 
symbology are generated and drawn. At this point the 
video memory for graphics card 48 contains all the 
essential features of the operational display. Finally, the 
color Luts for graphics card 48 are manipulated to make 
the completed operational display visible on the screen 
of display device 16. After the display appears, the 
software process enters a polling loop that is loosely 
coupled to the receipt of the external Strobe pulse signal 
from target generator 18. 
The pulse signal Strobe from target generator 18 is 

used to trigger the A/D conversion of the analog X and 
Y packets of data representing radar target location on 
display device 16. Each packet of data contains the X 
and Y location for self, plus approximately 18 other 
targets. The number of targets within a packet and the 
timing of the packet itself may vary slightly both from 
bridge to bridge and packet to packet due to timing 
irregularities with the target generator. Strobe is gener 
ated every time there is a new piece of X and Y analog 
data available. If Strobe is received by the system, it 
triggers channel sampling and A/D conversion by 
A/D-I/O card 46. Channels 0 through 5 are sampled. 
The card then sends a DMA request to CPU card 40, 
and when it is acknowledged the 6 channels of con 
verted analog data are transferred to an area in the 
memory of card 40 serving as a temporary data buffer. 
At the end of the DMA transfer, an interrupt is sent and 
a software data handler sets a hardware._timer for a 
period of time greater than that of the next anticipated 
Strobe pulse. A flag is set, indicating receipt of a Strobe. 
The radar target data in the buffer is transferred to the 
target array, the panel intensity control data is pro 
cessed and stored to re?ect new control positions. 
When the timer times out, the end of a data packet is 
assumed; the ?ag is cleared; and, target management, 
data I/O and display update processes begin. The target 
management process determines the current color index 
of the new targets and places it into the target array 
along side all the indexes of the old radar targets. The 
target array is used by the target management process 
to determine target obscuration and to determine which 
targets to remove from the radar display area at the end 
of their active life. Within the data l/O process the 
digital subsystem of A/D-I/O card 46 is read and pro 
cessed to determine the new switch control values on 
panel 12. The counter data of counter/ digital I/O card 
44 is gathered and processed to determine the new val 
ues and position for cursor bearing and range. Range 
selection data is placed on its digital output port which 
forms part of the interface between target generator 18 
and the system. As part of the display update process, 
the color indexes in the Luts on graphics card 48 are 
changed to re?ect current decay switch and intensity 
control positions. The position of the cursor and range 
rings is updated. Radar targets at the end of their active 
life are removed and new radar targets are added if they 
are received. All symbology on panel 12 is updated to 
re?ect new control positions. The polling loop then 
enters a software timing loop which checks the condi 
tion of the ?ag to determine whether another data 
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packet is being received for generator 18. If the antici 
pated packet arrive's during the timeout period, the 
polling process begins the target management, data I/O 
and display processes again. If the anticipated packet is 
not received during the timeout period an error mes 
sage, Not Receiving Data, is displayed and a request is 
issued to A/D-I/O card 46 to scan the 6 channels. The 
analog data will be converted just as if the card had 
received the Strobe pulse. The card will initiate a DMA 
request, and data will be transferred to the temporary 
buffer, as before. X and Y analog data on channels 0 and 
1 will be ignored. Intensity information on channels 2-5 
will be processed, as before. Target management, data 
I/O and display processes will continue, as before. If a 
packet arrives during the next timeout period the pol 
ling process will remove the error message and the 
software process will once again resume its loose cou 
pling with Strobe. In any event, the polling loop will 
continue until the Esc key on the keyboard is pressed. 
At that time the process will halt and exit to DOS. 
CPU card 40 includes an 80286 based microprocessor 

card with 512k bytes of DRAM memory and an 80287 
math co-processor. It contains BIOS and SETUP ?rm 
ware stored in two 32k>< 8 EPROMS. The SETUP 
utility allows the card to be altered to respond to vari 
ous computer system con?gurations. Con?guration 
data is stored in 50 bytes of battery backed-up CMOS 
RAM and is used by BIOS during power up to initialize 
the card. During system operation, the card is perform~ 
ing operations under control of BIOS or SETUP ?rm 
ware, DOS, operational system software or various 
software diagnostics. It is ?rmware con?gured to oper 
ate at a speed of 10 Mhz. Card 40 is jumper con?gured 
to provide 2 wait states on external 16 bit memory and 
I/O cycles. Hence, an AT system compatible bus struc~ 
ture is provided by the card even though the micro 
processor operates at 10 Mhz. Cards sharing the bus are 
I/O mapped or memory mapped into the microproces 
sor address space. The microprocessor may address 
these locations directly to control or communicate with 
other cards sharing the system bus. Some system cards 
support DMA operations as a means for data transfer. 
Card 40 DMA controller supports seven DMA chan= 
nels, 0 through 7. After system initialization and testing, 
data from panel 12 and data from generator 18 provided 
by the two I/O cards 44 and 46, are processed under 
software control to generate the graphics commands 
sent to graphics card 48. Also, CPU card 40 generates 
the range selection data provided to generator 18 by 
counter/digital I/O card 44, and performs run-time 
diagnostics. 

Graphics card 48 provides an intelligent graphics 
control system that resides on the computer system bus. 
The card processes high level graphics commands gen 
erated by CPU card 40. Communication between card 
40 and graphics card 48 takes place via three ?rst-in 
?rst-out buffers and a control block which is memory 
mapped into a 1K byte area of the reserved external 
address space of CPU card 40. Graphics card 48 con 
tains its own CPU which acts as a parses for the com 
mands generated by CPU card 40. Also, the graphics 
card processes any data accompanying the commands if 
required to do so, and generates instructions for a draw 
ing processor. The drawing processor places the graph 
ics primitives such as alphanumerics, points, lines and 
polygons, into a 2K by 1K byte video display memory. 
Each byte in the display memory frame buffer repre 
sents a pixel. THe 8 bit pixel data corresponds to the 
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color index of the pixel being drawn. The index points 
to a 24 bit location in the color look up table. Each byte 
of the three byte value represents the intensity of one of 
the primary display colors, red, green or blue. As the 
display memory is scanned in the pre-selected video 
format, the three 8 bit values are converted to analog 
video signals. The signals together with video timing 
information comprise the video output data in red, 
green and blue sent to the monitor of display device 16. 
The video forms the non-interlaced 1280x960 pixel 
resolution operational display on the monitor. 

Analog/Digital I/O card 46 provides a means to 
convert the analog data from panel 12 and generator 18 
into a digital format for eventual processing by CPU 
card 40. Also, card 46 provides a means for input of 
digital control data from panel 12. Converted analog 
data is transferred into a 20 byte buffer in the memory of 
CPU card 40 via a DMA operation on channel 5. The 
address of the buffer is determined and loaded into the 
DMA controller during initialization. A/D-I/O card 46 
contains 8 control dat registers which are I/O mapped 
into the CPU card’s external I/O address space. Digital 
data from panel 12 is separately accessed by CPU card 
40 via the digital I/O data register and is not part of the 
DMA operation. Card 46 is jumper con?gured to allow 
eight differential, bipolar, analog inputs. Analog data is 
gathered via zn A/D triggered scan DMA operation 
mode. The trigger source either is the Strobe pulse from 
generator 18 or a software trigger if the Strobe pulse is 
missing. In the triggered mode, the trigger begins a 
sequence of six A/D conversions, one for each opera 
tional analog input channel 0 through 5. A pacer clock 
clocks the sequential conversions. The clock frequency 
is determined by setting the pacer clock control register 
during initialization. Channels 6 and 7 are used only 
during the power up diagnostic test to determine proper 
DMA operation. and to determine whether the A/D 
conversion is correct. A/D-I/O card DACs 0 and 1 
provide the predetermined test voltages to the two 
channels. Digital data for the switches of panel 12 are 
read by accessing the 16 bit DIO data register. 

Counter/Digital I/O card 44 provides a means to 
input the range and bearing optical encoder data from 
panel 12 into microprocessor 10. Also, the card pro 
vides digital range select data to generator 18. Card 44 
contains 4 control/data registers that are I/O mapped 
into the external I/O address space of CPU card 40. The 
?rst two I/O locations are used for counter control and 
counter data I/O, the second two are used for digital 
data input and output. Each encoder‘ on panel 12 pro 
duces two 5 volt digital pulse data streams that are 
mutually 90 degrees out-of-phase. The streams have a 
frequency that is proportional to the rotational speed of 
the encoder shaft. By convention these two digital pulse 
streams are known as the sine and cosine signals. The 
sine and cosine signals from each encoder are used to 
clock four counters on counter/digital I/O card 44, and 
also to inhibit clocking of them. Counters 1 through 4 
are assigned to encoder input. Counter 5 is used for a 
loopback test with its input provided by two bits of the 
digital output port. In addition to the two bits which are 
used for test purposes, 4 bits of the digital output port 
are used to send range select data to generator 18. The 
same 4 bits of data are provided to the digital input port, 
which provides another loopback test on the condition 
of the output port. 

Controller card 42 controls access to the disk drives. 
The card contains control/data registers that are I/O 



4,944,679 
13 

mapped into the reserved I/O address space of CPU 
card 40. There are separate addresses for ?oppy disk 
drive 38 and for hard disk drive 50. Data transfer can be 
performed by CPU card 40, or through a DMA opera 
tion. 

It will be appreciated that although the present inven 
tion has been described in a particular embodiment, the 
teachings herein may be applied to a number of radar 
displays for training devices. Furthermore, the forego 
ing description relates only to the typical embodiment 
of the invention. It will be readily apparent to one 
skilled in the art that minor variations may be made 
without departing from the spirit of the invention, and it 
is therefore intended that the invention not be limited to 
the speci?cs of the preceding description but rather 
embrace the full scope of the following claims. 
What is claimed is: 
1. Radar simulation apparatus comprising a micro 

processor system having an input subsystem for receiv 
ing the output stream of data from a target generator, 
and having an output subsystem capable of displaying a 
simulated radar return image, and being adapted to 
interact with said target generator and process its out 
put, including timing means responsive to said stream 
from said target generator for initiating said processing 
a preselected period after an interruption of said data 
that exceeds a predetermined rate for packets of said 
data, assembly means responsive to target coordinate 
data for converting it to a predetermined coordinate 
system that is compatible with said output subsystem 
and assembling the converted target data in digital stor 
age by age such that each target has at least one digital 
bit that correlates to a position on the predetermined 
coordinate system including an index that correlates to 
the time relative to other targets that the target data was 
received by the system, decay means responsive to the 
relative age of the stored coordinates and including a 
preselected color table having a relationship to said 
index, for rotating the color table in coordination with 
said rate such that the color related to said index 
changes from one color to another and will progres 
sively appear less bright on said output subsystem each 
time said table is rotated, and presentation means re 
sponsive to said stored coordinates and- said decay 
means for providing a signal to said output subsystem 
that denotes the coordinates of the targets in storage 
and their relative intensities by age, said microprocessor 
means comprising a general purpose computer adapted 
by software, and wherein said timing means, said assem 
bly means, said decay means and said presentation 
means are adjustable by software modi?cation for use of 
said system with a plurality of target generators. 

2. The apparatus of claim 1 wherein said assembly 
means includes video memory on a graphics card and 
said assembled data is stored thereon in accordance 
with its converted coordinates, said decay means com 
prises eight colors denoting eight levels of decay, and 
said stored target data comprises three binary bits that 
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are ?xed at storage and that together correlate to said 
index. 

3. The apparatus of claim 1 further comprising com 
pass rose data in storage and manually operable controls 
coupled to said input subsystem for providing user se 
lection of range and bearing, range scale, and range 
rings for the display, wherein said assembled data com 
prises an eight bit byte for each location in said video 
memory, three bits of which pertain to color related to 
the target, a different three which pertain to color re 
lated to the compass rose, a different bit which pertains 
to color related to range rings, and a different bit which 
pertains to color related to the range and bearing cur 
sor. 

4. The apparatus of claim 3 wherein the eight bits of 
assembled data are arranged by bit plane hierarchy with 
the cursor bit having the highest display priority, the 
range rings bit having second-highest display priority, 
the compass rose bits having third-highest display prior 
ity and the target bits having lowest display priority, 
such that targets in bytes that include bits denoting a 
segment of the range rings or a segment of the cursor 
will appear overwritten thereby on the display, and 
range rings in bytes that include bits denoting a segment 
of the cursor will appear overwritten by the cursor on 
the display. 

5. The apparatus of claim 1 wherein said micro 
processor system comprises a microprocessor, said out 
put subsystem comprises a raster scan video monitor, 
said presentation means comprises a graphics card in 
stalled in said microprocessor connected to said moni 
tor, and said input subsystem comprises counter and 
converter input/output cards installed in said micro 
processor. 

6. The apparatus of claim 5 further comprising a 
panel having a user operable digital control coupled to 
said converter input/output card and providing an out 
put signal to variably select the period of decay for the 
displayed targets, and a user operable analog control 
coupled to said converter input/output card and pro 
viding an output signal to variably set the intensity of 
said display, and wherein said converter input/output 
card comprises an analog to digital converter of said 
target data from the target generator and said output 
signal from said analog control. 

7. The apparatus of claim 5 further comprising a 
panel having user operable continuously variable con 
trols for range and bearing coupled to said counter card 
and providing an output signal to position a straight line 
on the display denoting a cursor. 

8. The apparatus of claim 7 wherein said range and 
bearing controls comprise optical encoders. 

9. The apparatus of claim 5 further comprising a 
panel having a user operable control for selecting range 
and providing an output signal communicating the se 
lection to said microprocessor, and a signal interface 
means coupling a digital output port of said micro 
processor to said generator for providing a signal from 
which the generator can determine the selection of 
range made by the user. 

ll! * * * * 


